Objective: Surgical menopause has been associated with an increased risk of coronary heart disease events. In this study, we aimed to determine the associations between coronary artery calcium (CAC) and hysterectomy, oophorectomy, and hormone therapy use with a focus on the duration of menopause for which there was no hormone therapy use.
R esults from the Women_s Health Initiative (WHI) observational study indicate that a history of hysterectomy is associated with a more adverse cardiovascular disease (CVD) risk factor profile than no history of hysterectomy. 1 Furthermore, in a subsample of women in the WHI who had blood samples collected at baseline, hysterectomy with bilateral oophorectomy was an independent predictor of Framingham risk score. 2 In the WHI observational study, those with a history of hysterectomy and any oophorectomy had significantly higher annualized rates for total CVD events over a mean follow-up period of 5.1 years compared with those with no history of hysterectomy. However, after adjustment for demographic variables, body mass index, diet, exercise, and CVD risk factors, those with a history of hysterectomy with any oophorectomy were not at significantly increased risk of incident CVD events. 1 In the Nurses_ Health Study, women who had undergone bilateral oophorectomy and had never taken estrogens after menopause had an increased risk of coronary events, but there was no increased risk among women who used estrogens after oophorectomy. 3 Calcified plaque is actively deposited in arteries and other vascular areas as part of the chronic inflammatory process of atherosclerosis. 4, 5 The calcified component of coronary atheroma can be measured using computed tomography (CT) in multiple vascular beds, including the coronary arteries. 6<11 Previous studies have demonstrated that the amount of calcified plaque in the coronary arteries is highly correlated with the total plaque burden, both calcified and noncalcified, when measured histologically 12 while also being significantly associated with incident CVD events independent of the traditional CVD risk factors. 13<20 Accordingly, in a substudy nested within the WHI clinical trial of conjugated equine estrogens (CEE), we aimed to determine the associations between coronary artery calcium (CAC) and hysterectomy, oophorectomy, and hormone therapy (HT) use with a focus on the duration of menopause before enrollment in the WHI for which there was no hormone therapy use. We hypothesized there would be a significant association between a history of oophorectomy and CAC.
METHODS

Participants
Participants in the current study were women enrolled in the WHI clinical trial of CEE who underwent a one-time CT scan of the chest to determine CAC. Detailed descriptions of the WHI study design and baseline characteristics of participants in the WHI-CEE trial were previously published. 21<23 In brief, participants were postmenopausal women aged 50 to 79 years at randomization and had previous hysterectomy. Study participants were randomized to receive CEE, 0.625 mg/day (Premarin, Wyeth Pharmaceuticals, St. Davids, PA) or a matching placebo. Participants had annual clinic visits and interim telephone contacts at 6-month intervals between visits. Methods for data collection, management, and quality assurance were published previously. 24 The WHI-CEE trial was originally planned to have an average follow-up duration of 8 years. However, the trial was stopped approximately 1 year early due to an increased risk of stroke in the absence of apparent benefit for coronary heart disease (CHD), resulting in an average mean trial period of 6.8 years for the entire cohort and 7.4 years for women between the ages of 50 and 59 at enrollment into the WHI. The initial report of the CEE trial findings were published in April 2004. 21 Analyses stratified on age showed a nonsignificantly reduced risk of CHD among the women aged 50 to 59 years who were randomized to CEE. A subsequent publication focused on CHD found a significant reduction in a composite endpoint of CHD plus coronary revascularization for women aged 50 to 59 randomized to CEE, but no effect in women aged 60 and older. 25 Therefore, an explanatory ancillary study using CAC was proposed to provide mechanistic information that might elucidate this finding. The WHI Coronary Artery Calcium Study (WHI-CACS) obtained coronary calcium measurements using cardiac CT for WHI-CEE participants who were 50 to 59 years old at the time of randomization into the CEE trial. Results concerning the association of CAC and randomization status in the CEE trial were published previously and showed that women who received CEE had significantly reduced odds for the presence and extent of CAC compared with women who received a placebo. 26 
Survey data collection
At the baseline WHI clinic visit, CEE trial participants provided data on a wide range of factors, including dietary habits, medical history, physical activity, medications and supplements, and socioeconomic status. Hypertension was defined as systolic blood pressure of 140 mmHg or higher, diastolic blood pressure of 90 mmHg or higher, or use of a blood pressureYlowering medication. The presence of high cholesterol or diabetes was identified by use of a medication for that condition. Ethnicity was determined by self-report with the following categories: non-Hispanic white, African American/black (non-Hispanic), Hispanic, Asian/Pacific Islander, American Indian/Alaska Native, or unknown (women who indicated Bother[ ethnicity or did not answer the question). Education and income were ascertained by selfreport from a range of categories. Use of postmenopausal HT before WHI-CEE trial enrollment was ascertained via an interview on current and past HT use.
Hysterectomy status was determined by asking BDid you ever have a hysterectomy? (This is an operation to take out your uterus or womb.) [ [ If the woman answered that she had undergone an oophorectomy, she was then asked at what age this operation was performed. Age at menarche, age at hysterectomy, parity, and age at first birth were also ascertained via self-administered questionnaires.
Coronary artery calcified plaque measurements
After approval of the study by local institutional review boards, women in the CEE trial who were aged 50 to 59 at time of randomization to CEE or placebo at 28 WHI clinical centers (N = 1,742) were sent invitational mailings to participate in WHI-CACS. Exclusion criteria were a last measured or reported weight of 300 lb or more (due to technical and equipment-related restrictions), participant request for no further contact or clinic visits, or participant lost to follow-up or deceased since randomization (30.4% of participants were excluded for one or more of these reasons). A total of 1,079 women (61.6% of those eligible at the 28 clinical centers) provided informed consent and received cardiac CT examinations between May and September 2005. Approximately 1.3 years after the CEE trial ended, each woman underwent a single noninvasive imaging study of the coronary arteries by electron beam or multidetector-row CT at one of 28 participating centers. A standardized protocol was developed based on previous multicenter experience with cardiac CT. 27 Phantom and test images were obtained from each CT system to verify technical parameters and CT system performance. Analyses of the measurements were performed by the central reading center at Wake Forest University blinded to participants_ treatment assignment. 27 The Agatston score was calculated on a computer workstation (TeraRecon Inc., San Mateo, CA) by experienced image analysts using established parameters (lesion size of 91 mm 2 , adjustment for slice thickness, and threshold of 130 Hounsfield units). 28 Women with a history of coronary revascularization before randomization were excluded from the analysis (n = 12). The reading protocol specified exclusion of coronary stents, pacemakers, metallic clips, and other surgical remnants from the analysis process. Three women with incomplete scans were excluded. The final data set included 1,064 participants without previous revascularization and with nonmissing CAC scores.
Statistical analyses
Data collected from the baseline visit of the WHI-CEE trial were combined with CAC scores from the WHI-CACS project to form the data set for this study. The primary outcome variable was the presence of any coronary calcium. A CAC score of 10 or more was treated as a secondary outcome to evaluate potential false-positive results of using a CAC score of more than 0 as the only outcome measure. The primary predictor variable was a history of oophorectomy categorized as bilateral, unilateral, or partial. Baseline characteristics, including cardiovascular risk factors, were compared between participants with a CAC score of 0 versus more than 0. Differences between the groups were assessed using W 2 tests for categorical variables and t tests for continuous variables. Logistic regression models were used to evaluate the association of selected reproductive variables and the CAC score. The reproductive variables included oophorectomy status, years since bilateral oophorectomy, years since hysterectomy, years since hysterectomy without estrogen therapy, and years of estrogen therapy use before baseline. For the modeling, the CAC score was dichotomized two ways, either 0 versus more than 0 or less than 10 versus 10 or more. All the models were adjusted for baseline characteristics and subsequently for the CEE randomization assignment. The interaction between oophorectomy status (yes vs no) and use of HT before enrollment in the WHI (yes vs no) for CAC was prespecified and tested using multivariable logistic regression. Participants with missing data for any of the adjustment variables were excluded from analyses using those variables. A P value less than 0.05 was considered statistically significant. No adjustments were made for multiple comparisons, and exact P values are given. All reported P values are two sided. Statistical analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC).
RESULTS
Baseline characteristics
Among women who participated in the WHI-CEE trial, those who enrolled in the WHI-CACS substudy were similar to those who did not enroll with respect to age, body mass index, oophorectomy status, family history of myocardial infarction, and medication use for hypertension and high cholesterol. However, those enrolled in WHI-CACS were more likely to be using HT and less likely to be current smokers and taking diabetes medications. WHI-CACS women had an average of 7.4 years of participation in the CEE trial and an average interval of 1.3 years from trial end to scanning.
There were 1,064 women available for this study. The mean (SD) age at WHI randomization was 55.1 (2.8) years and 64.8 (2.9) years at CAC measurement. Unilateral, bilateral, or partial oophorectomy was reported by 554 women (52.1%), with 378 having both ovaries removed. The mean duration since bilateral oophorectomy was 14 years. Pre-enrollment use of HT was reported by 49% of the cohort. By oophorectomy status, 72%, 44%, and 42% of women with a history of bilateral, unilateral/partial, or no oophorectomy, respectively, used HT before WHI randomization. The median CAC scores among those who reported any previous HT use were similar to those of women who reported no use (65 vs 76, P = 0.5).
Overall, the prevalence of a CAC score of more than 0 was 47%, whereas the prevalence of a CAC score of 10 or more was 39%. Those with any CAC had significantly older age at enrollment in the WHI (55.6 vs 54.8 y, P G 0.01). With adjustment for age at enrollment, those with any CAC had significantly greater body mass index (31.5 vs 29.8 kg/m 2 , P G 0.01), waist circumference (94.9 vs 88.8 cm, P G 0.01), waist-to-hip ratio (0.84 vs 0.80, P G 0.01), and pack-years of smoking (13.6 vs 7.1, P G 0.01) but lower reported physical activity (9.0 vs 11.0 METs per week, P = 0.06) ( Table 1 ). The CAC score greater than 0 group also had greater prevalence of current smoking (17.1 vs 7.5%, P G 0.01), hypertension (48.3 vs 33.9%, P G 0.01), cholesterol medication use (14.8 vs 7.3%, P G 0.01), and medical treatment for diabetes (7.0 vs 3.2%, P G 0.01) but had a lower prevalence of achieving a college degree (24.9 vs 34.3%, P G 0.01). There were no significant differences between women with and without CAC for years since hysterectomy, years since bilateral oophorectomy, reported pre-enrollment use of HT, years since hysterectomy with no previous HT use, or duration of HT use.
The characteristics of the study cohort when they joined the WHI stratified by oophorectomy status and further stratified by reported HT use before WHI enrollment are shown in Table 2 . The sample size for this table was 1,013 because 51 women were not able to be categorized by oophorectomy status (ie, missing or Bdon_t know[ response on the questionnaire). In summary, there were differences in the mean values for some of the study variables by previous HT use and within an oophorectomy category. However, in general, the differences were not consistent across the oophorectomy groups.
Odds of any CAC for different reproductive variables
After adjustment for the traditional CVD risk factors and CEE randomization status in separate multivariable logistic regression models, there was a significant association between a history of single or partial oophorectomy and the presence of CAC (odds ratio = 1.50, 95% CI: 1.02<2.21) (Table 3 ). However, there were no significant associations between the presence of any CAC and bilateral oophorectomy, years since hysterectomy, years since hysterectomy without taking HT, years since bilateral oophorectomy, and years of HT use before WHI enrollment. Replacing body mass index with waist circumference and further adjustment for education level did not change these results. Moreover, these associations were not materially different when a CAC score of 10 or more versus less than 10 was used as the outcome.
Differential association between oophorectomy and CAC
Among women who reported no HT use before WHI enrollment (n = 449), the median CAC scores were 12.0, 1.3, and 0.0 for those who had undergone a bilateral, unilateral/ partial, and no oophorectomy, respectively. Among women who reported using any HT before enrollment, the median CAC scores were 0, 4.2, and 0 for the same groups, respectively. The interaction between any oophorectomy and reported use of HT before WHI enrollment for the presence of any CAC was of borderline significance (P = 0.06). However, we observed a significant interaction (P = 0.05) between bilateral oophorectomy status and reported previous use of HT for the presence of CAC. Specifically, those who reported no HT use and who had undergone an oophorectomy had higher odds for a CAC score of more than 0. Accordingly, when the analyses were restricted to women who reported not using any HT before enrollment and with adjustment for CHD risk factors, education, and CEE randomization status, women who had undergone bilateral oophorectomy had an odds ratio of 2.0 (95% CI: 1.2<3.4) for any CAC compared with women with no history of oophorectomy (Fig. 1) . The odds of having any CAC for those who had a unilateral or partial oophorectomy were 1.7 (95% CI: 1.0<2.8). The magnitude and significance of these associations were not changed by adjustment for exercise, marital status, presence of vasomotor symptoms, history of depression, years since hysterectomy, or randomization status in the dietary modification trial of the WHI. Furthermore, the results were essentially unchanged when a CAC score of 10 or more versus less than 10 was used as the outcome.
In comparison, when the analyses were restricted to women who reported using any HT before WHI enrollment (n = 513) and with the same adjustment for the risk factors listed above, women who had undergone bilateral oophorectomy had an odds ratio of 1.0 (95% CI: 0.6<1.4) for any CAC, whereas the odds ratio for any CAC score for those who had a unilateral or partial oophorectomy was 1.4 (95% CI: 0.8<2.5) ( Fig. 1 ). As before, the results were not significantly different when a CAC score of 10 or more versus less than 10 was used as the outcome or additional covariates were included in the model. We also examined the association between age at bilateral oophorectomy and CAC stratified by HT use before WHI enrollment. Among those who did not use HT before enrollment in the WHI and compared with those with no history of oophorectomy, those who had a bilateral oophorectomy between the ages of 35 and 44 years had an odds ratio of 2.1 for a CAC score of more than 0 (95% CI: 0.99<4.5). Similarly, those who had a bilateral oophorectomy between the ages of 45 and 54 years had an odds ratios of 2.4 (95% CI: 0.96<6.0). Conversely, among those who used HT before WHI enrollment, there were no significant associations between age at bilateral oophorectomy and CAC score.
To further explore the relationship between oophorectomy and HT use before enrollment in the WHI and the presence of CAC, we examined the timing of HT use by the oophorectomy group. With adjustment for age among women who had undergone a bilateral oophorectomy, women with a CAC score of more than 0 had a significantly lower prevalence of starting HT within 5 years of menopause than women with a CAC score of 0 (CAC score 90: 57.6%, CAC score of 0: 67.3%, respectively) (P = 0.04). Conversely, there were no significant differences in the distribution of HT use by time since menopause among women with no history of oophorectomy or a history of unilateral or partial oophorectomy.
DISCUSSION
In this study of a subgroup of postmenopausal women from the WHI-CEE clinical trial who were 50 to 59 years of age at WHI baseline and studied for CAC, there were no significant associations between several reproductive variables OOPHORECTOMY, HORMONE THERAPY AND CORONARY CALCIUM and the presence of CAC. However, among women who had not used HT before enrollment in the WHI, those who had a history of bilateral oophorectomy had more than a twofold higher odds of the presence of any CAC as well as a CAC score of 10 or more, independent of traditional CVD risk factors, sociodemographic variables, and randomization status in the CEE trial. Women who reported a partial or unilateral oophorectomy and also reported not using any HT before enrollment in the WHI had higher odds of any CAC or a CAC score of 10 or more. Additionally, among women with bilateral oophorectomy but not those with unilateral/ partial oophorectomy, HT use within 5 years of oophorectomy was associated with a lower prevalence of CAC.
Conversely, there were no significant associations between any type of oophorectomy among women who reported using HT after this surgical procedure. Overall, these results suggest that a complex relationship exists between oophorectomy and HT for the presence and extent of coronary artery plaque and that the characteristics of women with oophorectomy, HT use, and the timing of HT use after menopause (ie, oophorectomy) may be clinically relevant. Several previous studies have identified bilateral oophorectomy as a risk factor for coronary artery disease. For example, four studies reported more severe coronary atherosclerosis and/or clinical evidence of CHD among women who had a history of bilateral oophorectomy. 29<32 This increased risk has been reported to depend on the time since oophorectomy. 33 Studies on the potential association between reproductive factors such as hysterectomy and oophorectomy and subclinical atherosclerosis (eg, CAC) are more limited. In a study of African American and white women, hysterectomy was not associated with CAC, 34 whereas a study of carotid intimal-medial thickness did not find a significant difference between those who had and did not have a bilateral oophorectomy. 35 Notably, these studies did not consider the potential interaction between oophorectomy status and HT.
A potential explanation for the increased risk of coronary artery disease in women with oophorectomy is the resulting estrogen deficiency. Compared with women who have not undergone oophorectomy, even women who undergo a unilateral oophorectomy have significantly lower estrogen levels and higher follicle-stimulating hormone levels while also having an earlier onset of menopause. 36<39 Of note, women who undergo bilateral oophorectomy are more likely to be prescribed HT after surgery than women who undergo unilateral oophorectomy. 40 Therefore, women who undergo a unilateral oophorectomy would be more likely to have an untreated relative estrogen deficiency and therefore a higher odds of coronary artery disease. This is consistent with our finding of a significantly elevated odds of CAC among women with a history of unilateral, but not bilateral, oophorectomy in the analysis of the entire cohort.
Observational studies have shown that HT is associated with lower CHD, whereas clinical trials have not demonstrated a protective effect 21, 41 ; although recent findings in the parent study for the present analyses suggest a protective effect for women between the ages of 50 and 59 years. 25 To further investigate this paradox, several observational studies have been conducted to test the potential association between HT and levels of CAC. The results of these studies are mixed. Two separate studies did not find a significant difference between those taking and not taking HT. In these studies, however, there were differences in CAC by levels of certain risk factors, such as body mass index 42 and lipoproteins, 43 within each of the HT groups. Conversely, others have shown the reported use of HT 44 and duration of HT use 45, 46 to be associated with less CAC. Moreover, an analysis separate from the WHI-CACS study showed that women ages between 50 and 59 years at baseline and who were randomized to receive CEE had significantly lower odds of the presence and extent of CAC that was independent of multiple CVD and socioeconomic risk factors. 26 What about the potential interaction between oophorectomy and HT for coronary artery disease? Higano et al 47 found less clinical CHD among women who had bilateral oophorectomy and received HT than among women who had bilateral oophorectomy but had not received HT. Furthermore, results from the Dutch Nurse Cohort study indicate that among women who had a history of bilateral oophorectomy, those who never used HT had nearly a threefold higher risk of incident CHD than women who had used HT after oophorectomy. 48 The results of our study are in accord with these previous findings and support the premise that the status of HT in women with a history of bilateral oophorectomy is clinically important for assessing CHD risk.
Classic histologic studies have demonstrated that calcium is deposited during the process of atherosclerosis. 4, 5, 49 These calcified lesions can be detected in many vascular beds 6, 7 and quantified by CT. 28 Previous studies have demonstrated calcium in the coronary arteries to be a significant and independent predictor of future CVD events. 13, 14, 17, 19, 50 Moreover, among asymptomatic individuals the addition of the CAC score to the Framingham risk score can improve the risk prediction for future CHD events. 20 Therefore, CAC is gaining support as a novel marker for identifying individuals at elevated risk of myocardial infarction and adding significant predictive ability to existing risk stratification algorithms. 51 The prevalence and distribution of CAC in the WHI-CACS cohort (47%) are comparable with other reported samples of similar age. For example, the prevalence of CAC among white women with an average age of 63.1 years in the Multi-Ethnic Study of Atherosclerosis was 44.6%. 52 Additionally, in the Multi-Ethnic Study of Atherosclerosis and among white women, the risk factors that were significantly associated with CAC included age, body mass index, lowdensity lipoprotein and high-density lipoprotein cholesterol, current and previous smoking, hypertension, and cholesterol medication use. We also found significant associations for age, body mass index, high cholesterol, smoking status, and hypertension. The concordance in findings between the WHI-CACS and other studies on the prevalence of CAC, as well as the risk factors for CAC, indicate that the WHI-CACS cohort is, in general, representative of national community-based samples of women.
Although the WHI-CACS study was conducted using women enrolled in a randomized clinical trial, the current analysis was observational and cross-sectional in nature. Therefore, there could be residual confounding affecting the results. We have attempted to address this issue by considering as many potential confounding variables as possible in the analysis. Also, as the measures for CAC were obtained at the end of the WHI-CEE trial, there is the possibility of survival bias. As the presence and extent of CAC is significantly associated with incident morbidity and mortality, the bias in this case would result in an attenuation of the magnitude of the effect. For some of the analyses, the number of women available was relatively small. However, the finding of a significant association between bilateral oophorectomy and CAC among those with no history of HT before WHI enrollment was clinically relevant and robust across several analyses. Finally, a large number of analyses were conducted, raising the issue of multiple comparisons. Although this may be an issue for the marginal associations, the magnitude of the association between bilateral oophorectomy and CAC among those who did not use HT before WHI enrollment was relatively large and statistically significant.
CONCLUSIONS
In summary, among women in their 60s who did not have a history of HT use before enrollment in the WHI, those with a history of bilateral oophorectomy had significantly higher odds of the presence and extent of CAC than women who had no history of oophorectomy, independent of CEE randomization assignment. Among women with bilateral oophorectomy, those who used HT before WHI enrollment did not have higher odds of any CAC, whereas HT use within 5 years of oophorectomy was associated with a lower prevalence of CAC. These findings are consistent with the thesis that the estrogen deficiency associated with bilateral or unilateral/partial oophorectomy is related to an increased burden of calcified plaque in the coronary arteries that can be countered by the use of HT. These results are also consistent with previous findings and indicate that medical professionals providing health care to women should carefully evaluate the reproductive history for oophorectomy status and previous HT use when assessing the risk of coronary artery disease.
